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t-T2 . 5 1 /m i n. i^^'o'^>'^'i/x::^;k-7^:t^ M.^W&^-fh. T--;l^T1t. S i C ( 0 0 0 1 ) 

i^-^AS. Oseem^SL. SSO. liwmOpSA S«l 3<5DiaJSS-Mia*-CML. 1^— ^^2 5*M 

iN^2 0^a®t-s, Silfcsic (000 i)S«i 3$-^&S#Rmfflxe 

[0 04 21 pSAl NJi2 02:a8L^«. hU^^ :J'^i^A';HiE^Mt7)i1^i9aJ-r. 
;l'T;l'5-'>Ac7)A;l/r^St. [ 0 0481 mtl^-- !f^8ji2 5*M$iutS i C 

r>'t-r&y^>'^'n'>^>'^'>^x-/l.v^^:^>->>A<7);<f a«l 3t)i*LT. S«l 3SEt-f yi^''>i>.2 3. p 

xet|&5'f>'<7)A;l/:/6 9. 7 1. 72?r^ft. h'J^ SA 1 o. zGao. sNr^' 7-7 H^l 90Sfflfc:ffS 1 0 0 

f-;l'T/P5-'>A8. 7secm. Tyt-r2. 5 1 0k(r>-'/^)Vmf-^2AimM^^.WSL13^^^ 

/m\n. i^9x3^y9l^j:-=.)V'7y^iy^J^5. Os tr^^SlmmtC-^^iaLr 1^-1^2 6 
eemi&clL. S»5 0 0AcOpSGaNa2 iS-aS 50 [ 0 04 9 1 *lffigc7), JtSl^-if 2 6c7)!mt5-JaTtc: 



(7) 

1 1 

Alo.2Gao.8N^'5-/K«19. 1 5 <7)^^ U T^^^S 
{ilXl0i«/cm3. ^^SJipaat^nSAlo.zG 
ao.aN^'^Ymi9. 1 5 -f-it-f 1 0 c mVV ■ 
s, 2 5 0cinVV- sTfeO. 

tTt. pSAlo.2Gao.8N^'7>yKlil9i:Ni/Au2 
4coS-C^-Attm&^I^L. $^>t:Siii<7)nSSi 
CS«1 3i:>fyv'>A2 3i:<^Strt>>r-AttgM*^' 
I^LTUS. 10 

[0050] mzj>(mmtiz':>ux^K&, v~^(r> 

mmk¥AtA 1 0 nmTfcS. ffiA^Si^StA 1 Na2 
2 5:ffl»r^TV^S<7)T'«g|$-aAt--S.a5^J-taEAt^:V^^ 
«*-r6|<^)ISa»JS«f*ll3&»'0. li:;^#<^ 

yTi:i>2 2%-CfcS. ^^trl^-if 2 6^7)^*?^ 
c m-i . ^tii^{CiJ{tSfS*{d2 0 c m i-Cfc 
5, $^>tt#Uffimg£M±80 0cmVV- s 

1/5TS>S. 20 

[0051] *%Ha(7)^-if 2 6{iA 1 ^(rmm^m 

Wlf ferJt^T pSilitIi n 7 -y F^{Ct3(tS«^ 
■t-SO-CS>S. i^it. AlN5-^-r«.«0t:h'5-fx-7 

[0052] S/vT. ryF-7-AlN«2 2^. 5 
0 0A<7)paGaN«2 0<7)#mim*^S. pMG 30 
aNe2 l«xy^y:/#ih«i: Lt:ffl<. pSA 1 N 

e2 0*^1 0 0 0 A*5^$n-rtSo-cv^s. -r^ri? 

*>pMA 1 NB2 2c7)l 0 0 0 AS-iBilcSUTV^S(7) 

[00 5 31 Z.i\JCii.^. AlGaNS19fcAl NB 
10t<r>WmmifiX%<. AlGaNgl9cOXh^ 

LTt), AlGaNB19£7)Tfc. Al N«203&«?g^ 

«Og»f^^^h$ < =5rS J; d fcMT ^ . 1^ 
5rl^^S3t«6lcA 1 Ng2 05SJifl:-rS:tWJ: 

[0054] ^ri>. S iCSfi<?>ftb'?(c:Al2 03, Z 
nO. LiA102^(^lgfl:!iffiR^fflV^Ttl^«^:^ 

[00 5 5] i;^;. pSAI NS2 0<Oft*>0{CpMA 
l.Gai-xN (Ogx<l) ®S:ffl>-^Tt>Riai^^ 
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1 2 

#^>tLS. $^>{:. AlGaN^igiOSSffllfcAlNffl 

J4. HI \<nm-^hh, 

[00 5 6] (iiifec7)^3)H3S-fflv^t:iiWS. 
^r«aiiiEcj:sa^at^3!aa*»^Gao.9 1 no.iNS 

ttl3 1 ^a$^TS«2 7 i:Rjitffl!l<or > F-rG a 

nt^ctm HB3 2$-«®^siiTi7)ig{i. mmmm 

[0057] ryH-rGaN3e;^>f Fg3 2^aSL 

s-i^AS. 7 seem. Ty=t—T2. 3\/mxn 
^gSL. 0^LTV^=^V^35J. JlJf 1. Oum0)TyY- 

[00 58] ryh'-rAl NSJrSElLitm. v^-?^:: 
^fiS:Si&^TLTa«[2 7 ^WlS^JS^xf rJ'^v'^ 

[00 5 9] ij^t:SiK27{C. S5j«m<7)raP$-*L. 
ff§1000A«?)SiO2Tvx^^t. *Sfl::<r'J'> 
-fc>«Ot^blcglS4'fcAixT10 0-CitJl^t. 10^)- 
S*»{tTrvb'-TA 1 N^^I^LT. A 1 NStiS 

>F-rA 1 N«^|^L;tSS2 7S->f3l-y-fl:Stl.T 

0. 

[0060] ^&i^<7)a^^ff o;^^. ift^ry H-r 

A 1 Nji^|^Sn;tS«2 75: UT:7rJ'-74<^4'{: 
Ail. yr^':J'-74rtS-Eft7 0Torr<7)7f^-CSI 
^!t. ^mWm^^X' nmS iC (00 0 1)S«27 
^M^S<7)SS[d-^/l'y 6 6 ri: b -^^ 6 7 T 1 0 9 Ot: 

^iH^^BX'3l^<. -eo^. S«2 7<7)iaS^l03 0 

<0;<rx^7^y<0>'^V^:/6 9. 7 0. 71. 7 2^ra 
»t. Y^)^'f-)Vi!^)^J^2. 7scein. hU^^/PT 
n^AS. 7secm. r>^:— T2. 5 1 /mi 
n. i/'^n^y^'>?X-;Pv^:*-S^'>i>.5. Oseem 
S-^L. A 1 NHcOSP^tC. P®Alo.2Gao.8N^ 
5yKB34i&l. O/zma^LTfflWitJ. 
[0061] AlNS4«k:AlGaN^'^-5rHa34^ 
aa^))ZX^>— !ffiBS3 8<0S«2 7^. Ur^^-7 
4cOi1-tC|X0at}t-. S«2 7{dktL. «i5i(zm<0. pS 
A 1 0 . 2 G ao. 8 N ^' ^ •/ 3 4 A^Sra SfLT I ^S^^ 
fc:. B$100 0A<7)SiO2TVX^'5rL.. 
•J '^AC)MSl?K^4'(3AitT 1 0 ortfJiffilL. 1 



1 3 

S i Oi'?X9{:iiifiL^ TVY-rA 1 N®5r^L 

y-i\^mmmsvm^fxo. z.tozx*). ai oa 
[00621 ^wym^^-^m.. wf. y^-m 

T&S. ryV-TA 1 N®S-|^t^:S«2 7S:. 4- 
iStiJS^S 0<0^t»tAit. dt^8 0 rtcoSSS?: 1 
0-ioTor rferU. ^rUyxVyo-y:?' 7 6{CflS>3ft 
tt^fiJtnSS iC (000 1)SK2 7$-600*Cil 

[0063] -ei^a. mL2 Kmm.^ S O O^Ct-CT 

if. 8 0 0X:{C^-CJffia$ilJtMgS<7)-fe;P7 8S-^ 
(t. 5X10-7Tor r<0b'-A77>5'^Xi&*S:K2 

7 izmML. ry k-tm g s 3 5•c«^«i^:^^^— r 

«2 7 5-B!t^8 0<0i1^ 0 Hi-r. 
[0 0 641 i<7)^. 0T^^^-74COftHzMl. tJc^ 
y<7)yN';l.:/c7);^^^(t. BE*7 OTo r 

r(7)yiimmm<^Ts i c ( 0 0 0 1 ) mL2 7<r>im. 

S:7 0 0'Ct:^U l^r--;H&fTV\ pMcOH 

T^^. s i c ( 0 0 0 1 ) mL2 7<DW^^m.^i-cm 
L. u-^mm#imm^tii:is i c ( 0 0 0 1 ) a« 

[00651 miZU—fmmS 8*M$fl^S i C 

ms.2nznLx.mL#mmiz^y'j^j^3 6. 

Alo.2Gao.8N:J'7>/HS34<0^®{C*$ 1000 
A<?)Ni/Au3 7i:^^^. mL2 7S-=^f^b'-f >f :gl 
mm{C/^#l3UT^— r3 9 

[00661 ^i^mm-QM. mify&^tzTy h-tm g 
^*^=3:< . iy~^m^izmm.mi^i}-i>-(>r. m^&m 

[00671 JiSl^-if 3 9 c7)^^Ja.T{: 

Alo.2Gao.8N:?7-/F^34. 2 9 U T?5S 
{4lxl0>8/cin3. ^SI4pSat^nSAIo.2G 
ao.8N^7-yK®34. 2 9 -ett-f 1 0 c m V V • 
s. 250cmVV- sf*Os -Hi-^)»0/h$V^ 
pSat^nS^^ yH®34. 2 9*<S?3i$<lt:v^S. 
*Jt. P®A 1 0. jG ao. sN ^' 5 -y Hfl 3 4 i;Ni/Au3 
7i7)S-C:t-Attm{»*ieiU. $^,t:^tOnSSi 
Cafii2 7i:^ y-J^M,3 6 tff)WHzi>:^-J>.mimifi 
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[00681 mz^ffjmtiZ-DUX^?> . 
^ikm4 1 Onm-CfeS. S462^13 5fc:^7>y 
3 4 J: 0 t,gJf$<0/h$^:M g SflS:fflv^TV^S<^ 

\^<7)mimmmi)''o . o 5 < ^: o . 

2 2%-C&-&. r^rtaSSjyi 5 c m-K 

llttJttSa*Ji2 0cm-l-C&5. S^,^^^^^^^ 
gS?gStt8 0 0cinVV ■ St. mkX*)m^tlX\i^ 
10 St'-if<^Lg=V^fi«S^S<?51/5T3iS. 

[00691 ^^moU—^HA 1 Nffi*:)ii;^ii«i&jBU 

S. ife, Al Ni^l^fScOtCb'^^X y^y^^^ffl 

m^B^^m^3 0 oicfciavvoT. mmt^a 
itii«^ I n (ommm:: ^-r. V'-^rmi^wmim 0 

[0070l$ii>{C. U-y i^«fc:M g Sg^JlWi^fe' 

^j:m^mi^ix^. tti. m^m.i^mizMgs^rm^'^ 

MgSe^fflUT«,^«^:feS*i#^*l.S. 
[00711 (lliS<7)Jg®4) 04. 012^fflV^TSi 

^r«™cj:sac^at^Hu5oa*»'^Gao.9 1 
no. 1 N?stt®4 4 ^:^i$^X'mLbmtfmTy h- 

rGaN3K;y>f KS4 5^ail-r5i-C<^)Ig{4. lUS 
30 <0JgSlfcllfC*>5. 

[ 0 0 7 2 1 ry H-T-G a N5e;{f^ K® 4 5 5 «1 1 

m^^>(y<7)^'^)ur7 0. 7i^lUt. hU^^/PT;!- 

5-'>A8. 7sccm. r>^— T2. Sl/min 
i^cSL. S»l - Oum<oryV~TA 1 NSS-«fl-r 
5o ryh'-TAlNaS-SSLJt^. V^-:>^^«:l^ 

j^T fc« S4 os-ur^'^'-74 <mizM 0 aj-r . 

[00731 <{Ctc^4 0 t«i 5 M m<7)^p^jS5:S L 
40 JS^l 00 0A<7)SiO2-C"7;^^'Srt. *iifb5r 

U'^Affimbmm^iizMix 1 0 ort-cas^x. 1 
o^m^fX'^x^'iix^'^^^ry^-rA 1 
i^-rs. -eo^. ryH-TA 1 NJi^i^L:'i»« 

4 0Sr'f3j->'^$ittvv5:v^t«*-r*aL. p^^'y-zl^ 

[00741 ^mmm^^n^f::^. m/ry\^-r 

A 1 N«$-|^$ti;ta«4 0?:*ta^^fflxe^'^ 
i'-v;H£Sllg<7)*tA<l. «:lMrtS:E>j7 0Tor 
rc7)*^-eSfy::L. Tk^^am+TnigSiC (00 0 
50 l)SS4 0^M^<0S«*;I'^6 7ri:b-^'-Cl 



1 5 

0 9 0'cfQimu mmizmix\^mmx^ 

lOSO-CtTTif. hO?(i-fU^O^J^. hU^f-zl^ 

:f y<7)J^A^f6 9 . 7 0, 71. 

72i&ra{t. MJ;<f-;P;<fi;'>A2. 7 seem. M; 
;>(f-;l^r;U$-»>^8- 7seem. ry^:-T2. 5 

sccmi&S[U. pSA lo. iGao.8N^'7-)'H®4 6 
^1. OjumSWt. AlNStfJ^Al GaNii4 6*« 

[00751 «i5iLtm<0paA-l o. 2G ao. 8 N^' 
7 7 HB4 6*»M§*tTV^S««fc:. W3 1 0 0 0 A 

^»\zAtix 1 0 or* -cMfiL. 1 oji^m^rtry k 

-7°A 1 N«&^*rS. ^(O&i. S i 02-7X:J'^« 

[00761 *i8!fe<oa»s-ff -oiCrSi. m/ry H-r 

A 1 Njl-&|^$ix:tS«4 0i:Vr^^-74<7)'PlZ 
TJh.. jS^#rti&E*7 0TorrO7K«-C^L. 

*s»H^4'Tn®s i c ( 0 0 0 1 ) ms.4oim 

g<7)»R*7l'iJ^6 7ri:b-^'Tl 0 9 O-CiT-jm^ 

jROi^< . 103 ori-rTtf . 

-r, >'i'u^y^-Jai-;\^'?i^:^i^^M,coi!fxmi^^ 
^y<0/-C;pr69. 70. 7 1. 72$:^. hV^^i- 
;l^;<f'J»>A2. 7 so cm. hy;><f-;WT;PS::i'>A 
8. 7 s ccm. T^^:— r2. 5 1/mi n. >'^'0 
'<.y^'>''x::L;P'V^^:^.i^'>A5. OsecmJrglt. p 
®Alo.3Gao.7N^'^-yH*47i&l . Ojwm^g 
L. A 1 GaNa46$^TyK-7'Alo.3Gao.7Na 

4 7-cai«2x^f^— fiSitJ-SiSL. mvm^B^^i: 
[00771 -s-*?)^. 7m<7)jffxmk^>( y<7)^^fu-/ff) 

fi-imf. ffij7 OTo r rO^^Sigmff-CS i C 

<oooi) s«4 0<^ias5-7oox:fc:^L. im 

ffiltftrS . T--;l^Ta. S i C ( 0 0 0 1 ) 

s«4 0i7)ias&Ma*TML. u-^i^4simm 

S/TJtSiC (000 1)SS40SrUr^'^-74c7) 

[00781 m^izu-^mms otimm^ix^s i c 

a«4 0{C)>tLt:. «S5 0SlB{C'f>i^''>A4 8. p 
a A 1 0.2G aO.m^y'/ H®4 6(^ffifc:J?$ 10 0 
0A<ONi/Au4 9?r^$-li:. a«4 O^^^bx-f :S 

1 mmfc/v^raLTV-lf iSr^^-tf-S . 

[00791 *%Bac^, ±Mu—f<mmiiirtz^ 
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1 6 

0. 2 G ao. 8 N 7 KS4 6 . 4 2c04f ^ U r?gSJ± 1 
Xl0>8/cm3. ^ilS{ipS&rXnaAlo.2Ga 
o.8N^'^«y HB46. 4 2-eit-f^IlOcmVV- 
s. 250cm2/V ■ sTfeO. "Hi-filn^/h^*'^ 
pMai^nS:J'7-yh'm6. 4 2*Ji?jS$nTV^S. 
tJt. paAlo.2Gao.8N^'7'yK^4 6i:Ni/Au4 

cmL4 Ot>f y v'>A4 8 b<omzi>::^-Ammt/' 
10 ustfv^l.. 

[00801 mzy(^imtiZ-:>\.^Xi^Kh , U-iF<7> 
^^^i4 1 0 nmX'hi, ffl4^>2^«4 7fc:i77 y 
b'® 4 6 <fc 0 1 S*r*<0/h$ A 1 0. 3 G ao. 7 N^^ffl 

5cm-i. ^tiig|{Ct5{tS«iiyi2 0cm-»TfcS, $ 

(>i,zL^\^m^mmt8oocm^xv ■ st.m: 

20 J:'5«^>ixTV^SP-if<0L^v>(iSS[^S<7)l/5T 
[00811 *l|BBO^-ifJi. A 1 GaN<7)a«>ji^ 
-iftcifc^Tpai:t«±nS^'5 ■/ KM{ciJftS«S£fi£ 
S£7)TfcS. tit. y5-®-C*SAl N^I^-r-ScT) 

30 [008 2iai6^«-C«)SAlGaNS4 7tt. A 
1 GaN^4 6 i Ot>A 1 C0fflj«3&«;*:^ <JSl>f**«/h$ 
V^cr)-C. ^-if3l£*>A 1 GaN^4 6<7):^r^t2^^> 

[00831 (IISfi£0Jgffi5 ) *-rfi«}{c^rtg^fc:± 

tmi^&x/m9mi:m^ti. nasic(oooi)s 
« 5 1 ^ ^^c^^^^/pr 6 6 ±izmt . u r^' ^- 

74rtt3SA-rS. 

[00841 SrE* 7 0 T o r r <^*^T 

SI^U. *«Sa^4'-CnMS i C ( 0 0 0 1 ) mL5 
40 l?:^SS(Oa«*;Ur66rtb-:J'6 7-C109 0 

*dH^^]lXOI^<. -e<7)ftSiC (0001)S«5 
1 cOiSe?: 5 4 Ori-CW . h 'J ^f-;l'T/P5-'> 

ix. ryt— T. i^'7y<r):ffxm^=y^ yayj'^tvfi 

0. 7 1. 7 2*||ft. h';^^;Wr;l^5-'>A5. 5 
seem, ryt— T2. 5 1 /m i n. S^^V 1 2 . 
5sccm?:8IL. nSA 1 N-'^-y7r^5 2^3 0 0 

[00851 ijCt®S4 14AOnSAl N53. MW- 
50 3 5 5A(^naAlo.2Gao.8N54^^{l20lsI^ 



(10) 
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tOV^T^^S. nSAlN53«0®ff$-414A. n 
SA 1 0. 2 G ao. 8 N 5 AffiM^i 3 5 5 Ati: SiO{±. 

jfi^'o-CfcS. nMGaN>'N'«y7rJi5 2^S«L^^. 
S i C (0001) mL5 1 cOiagi^ 103 ox;fc± 

xm^y>(y(/)/^juzr7 0^ 71. 7 2^ra{t. 

f-;l/r;U5ri»>A8. 7sccin. Ty^—T2. 5 1 
/mi i^7>'12. 5sccm^SEL. n^A 1 N 

=74Vff)f^)V^e9. 70. 71. 72^^tt. hU^ 
^)V:ff^}'^J^2. 7sccm. hU^f'/l^Tyl^^ri'^A 
8. 7 s ccm. T>^:— r2. 5 1/mi n. i^yV 
12. SsccmSrSSL. nSA 1 o.2Gao.8N®54 
i&3 5 5A««-rS, i<0nSAlN«5 3i:nSAl 

0. 2 G ao. 8 N« 5 4 i: 2 0 mil OjgLTlS:^ 
L. nSAlN/Alo.2Gao.8N$7-56^f^-t 

[0086] MV^T. GaN/Al(».2Gao.8N:5^y;k 
A.TOlfjt57. 58. 5 9<Df^{COV>Tjfv/^S. n 
SAl N/Alo.2Gao.8N$5-56^fmL/im. 

-r. >'7y<^);iyx^7>f y<^VNW6 9. 7 0. 7 

1. 7 2$rP{t. M)^^;l'*'U»>A2. 7sccm. 
hUj^tf-zmi/S— »>A8. 7sccm. T^^r-T 
2.5 1 /m in. i^^l^l 2. 5 s c cm$-oS[L. n 
S A 1 0. 2G aO. h'fl57?:2000 kmmt 

5 . m; > ^)VT)v s -^h.msi^'y x/ynxi^ 

5. 5sccmtL. r>H-rGaNvgiM58lrl 

oooAa«^s. -ecDft. hy^f-;i<';>yyn7A. 

0. 7 1. 72^^tt. M;;«t^;l'XrU'>A2. 7sc 
cm. hi;;>{f-;WT;l'5-'>A8. 7sccm. Ty^ 
-T2. 5 1/m i n. l^^Xi^yifi;yx.~)V'7y^ 
-y^KS. Osccm^SSL. pSA 1 o.2Gao.8N3K 
KB 5 9 ^ 2 0 0 0 Aaa-r S . 

[0087] -eco^. ifman^T^miky A y<r»<^}V^(r> 

*^g|Jt. BE* 7 0 T o r r «0*SllgB$\'t'TS i C 

(oooi)a«5i<oiag&7oox:ic^u m 

A^ssitftrs . T--;P^7m. S i C ( 0 0 0 1 ) 
»«5lc7)iaS^SSt-CML. SiC (0001 )» 

1S5 1 ?:'jr^'^'-74<oji-^'?ai-r. 
[0088] ■m^fmxM^^i^^jv^^m.i. o 
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^10-»<>Tor rtcL. t U ^-fy >y 7 6 tCftS 
•3ft»t^.il>tnSSiC (0001)8^515:600 

*^H^^]iX'5i^<. -e*^. s«oias?r3oox:ii 

TW. 8 0 0'C{C4Ttllife§<tJtMgS&i;^MgSe 
<^-b;P7 8. 7 9^^ft. -?-*I-eil^{C5X10-7T 
orr<^b'-A77>y^X^»R51fc:BSStL. «S4 
0 0A<7)pSMgS6 0. «JI3 5 0Ac7)pSMgSe 
6 l^^fc2OIs|^03lLTf^L. pS57-Mg 
10 S/M g S e 6 2 S:S?jSL. W^^fM^WJ^h , 
'E-<^)^^8 0 <0i1^ 0 Jii-t. 
[0 0891 SiC (0001) SSSlS^il^OaS 
- tTt^. ttgl Ojtim<OVX^$:*>tt. S$ 1 OOOA 
<^Si02-r;^:?$-3{p^-frS. ^<r^m»3\^n^x3 

^d)-OpMM g S/M g S e * ^- 6 2 Sr^^Tffi 0 ^ 

[0090] m^zv-^mmmm^tifts i c ( o 

001)S«5 1tC*tLT. S«i5imB5t:^>i^''>A 
20 6 3 . pMA 1 0.2G aO.SN^bJf >f Hfl 5 9 ffmmizm 
$ 1 0 0 0 AiOAu/Ni 6 4 Jr^^S-fr. ««5 1 

[0091] J:Effi5Bew-ifcO!mti&WT 

izm^i. t-rm^^iz':>\.^x^t. pm&un 

MAlo.2Gao.8N3l£;<r^ HS5 9. 57<7)^-^VTm 
S{ilxlOi8/cm3. nSAlN/Alo.2Gao.8 
N$7-5 6<0^-vUrSJSI41 X 1 0i8/cm3-C* 
0. ^JSlipSai^nSA 10.2Ga0.8N5fe>!r>f F« 
59. 57. nMAl N/'Alo.2Gao.8N57— 5 6 
30 3&«-?-iX-f<XlOcmVV - s. 2 50cmVV - s. 
2 50cmVV ■ sTfcO. "HJ-^^O/Jn^V^pS 
aifnM3ie;!r^KS5 9. 5 7. nS&t^pMS7-5 
6*if3S$ttT«-^S. SJt. pSAlo.2Gao.8N3K;«f 

^ t!>izms(7)iims i cmR5 1 t^y-y^^j^estco 

[0092] <Ji:t3t^W!m4toV^T^S . BSf63e^ 
fcOfai»[#J43 6 4 nm-C*S. nSA 1 N/A 1 
o.2Gao.8NS5-5 6atXpMMgS/MgSe57 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2,**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the light emitting device which consists of a III-V group 

compound containing N. 

[0002] 

[Description of the Prior Art] As a key device of next-generation high-density information processmg technology, the III-V 
group compound semiconductor containing N in which short-wavelength-izing of laser is possible is capturing the spotlight. 
[0003] The structure shown in drawing 9 is known as laser structure which consists of III-V group compound semiconductors 
which contain N conventionally. The cavity length of this structure is 0.5mm in Imm and stripe width of face, and it is 
characterized by having the double hetero structure where a barrier layer is MQW structure. Oscillation wavelength [ of 410nm ], 
threshold voltage 40V, and threshold current 20A, threshold current density 4 kA/cm2, and duty 0.1% of room temperature pulse 
oscillation are realized according to this structure. 

[0004] Moreover, structure as shown in drawing 10 is known as surface emission-type laser (Surface-Emitting Laser, omitting 
SEL) structure which consists of a III-V group compound containing N conventionally (Tohru Honda et.al.;Japan Jounal of 
Applied Physics Vol.34(1995) pp.3527-3532). 

[0005] Moreover, the method of performing dry etching and forming a current pouring layer before regrowth, as technology of 
manufacturing the SEL structure or laser structure which consists of a III-V group compound which contains N as shown in 
drawing 9 and drawing 10 conventionally, is adopted. 
[0006] 

[Problem(s) to be Solved by the Invention] There were two next problems in the technology about the laser structure which 
consists of III-V group compound semiconductors containing N. 

[0007] Laser structure as shown in above-mentioned drawing 9 had wide stripe width of face at 0.5mm, a current constriction is 
difficult and the 1st was [ for the reason, threshold current became very large with 20 A, and ] difficuU for the room temperature 
continuous oscillation of laser, 

[0008] The laser structure where the 2nd is shown in above-mentioned drawing 9 has v^de stripe width of face at 0.5mm, and a 
lateral refractive-index difference does not attach it, and it cannot perform transverse-mode control. Therefore, the 
single-transverse-mode oscillation as laser for optical information record / reproduction was unrealizable. 
[0009] Moreover, there were two next problems in the technology about the surface emission-type laser structure which consists 
of III-V group compound semiconductors containing the aforementioned N. 

[0010] When the SEL structure which consists of a III-V group compound containing N as shown in above-mentioned drawing 
10 produced a mirror by crystal regrowth, it had to raise growth temperature from the room temperature to 1000 degrees C or 
more, therefore the 1st had the problem that crystalline degradation by the thermal strain arose. 

[001 1] The 2nd had the problem that desorption of In of a barrier layer tends to occur, in order to raise to the growth temperature 

of 1000 degrees C or more in the case of crystal regrowth, when InxGal-xN is used for a barrier layer about the SEL structure 

which consists of a III-V group compound containing N as shown in above-mentioned drawing 10 . 

[0012] Then, this invention realizes a current constriction and eye single-transverse-mode ******, and aims to let threshold 

current offer conventionally a low and the semiconductor light emitting device by which III-V group compounds containing N 

are consisted of 

[0013] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, production of the laser structure of 
this invention or SEL structure is performed by the organic-metal gaseous-phase epitaxy SHARU grown method using the 
organic-metal gaseous-phase epitaxy SHARU equipment shown in drawing 6 . 

[0014] Moreover, in case the laser structure of this invention is manufactured, the crystal growth of an II- VI group compound is 
performed by the molecular-beam epitaxial grown method using the molecular-beam epitaxial growth system shown in drawing 7 

[0015] then, this artificer considered as the technology of manufacturing the laser structure and it which consist of a III-V group 
compound containing N, and devised the technology shown in (1) - (6) below 

[0016] (1) Etch the surroundings of the electrode of the laser structure which consists of a III-V group conqjound containing N 
on a ridge or a mesa, and rather than the portion which injects current into the portion into which it **********ed, a lateral 
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effective refractive index carries out a laminating with the small III-V group compound containing N, and gives an embedded 
structure. By doing so, a current constriction is realized and threshold current falls. Furthermore, since a lateral 
effective-refractive-index difference arises, eye single-transverse-mode ****** is realized. 

[0017] (2) Etch the surroundings of the electrode of the laser structure which consists of a III-V group compound contaming N 
on a ridge or a mesa, and rather than the portion which injects current into the portion into which it **********ed, a lateral 
effective refractive index carries out a laminating with a small II- VI group compound, and gives an embedded structure. By 
doing so, a current constriction is realized and threshold current falls. Furthermore, since a lateral effective-refractive-mdex 
difference arises, eye single-transverse-mode ****** is realized. Moreover, an II- VI group compound has growth temperature as 
low as 400 degrees C or less, and desorption of In of a barrier layer does not take place at the time of regrowth, 
[0018] (3) Produce p type clad layer of the laser structure which consists of a III-V group compound containing N by AIN, and 
give the lateral effective-refractive-index difference between the portion which **********s, carries out selfer RAINDO 
structure of the AIN of electrode section, and pours in current, and the portion which is not poured in. By doing so, a current 
constriction is realized and threshold current falls. Moreover, eye single-transverse-mode ****** is realized. 
[0019] (4) Produce p type clad layer of the laser structure which consists of a III-V group compound containing N by AIN, 
********** of electrode section, and give the lateral effective-refractive-index difference between the portion which carries 
out the crystal growth of the layer which consists of a III-V group compound containing p type N, carries out selfer RAINDO 
structure, and pours in current on it, and the portion which is not poured in. By doing so, a current constriction is realized and 
threshold current falls. Moreover, eye single-transverse-mode ****** is realized. 

[0020] (5) The above (1) It carries out a laminating to the portion which does not pour in current probably as a method of 
manufacturing the laser structure or SEL stmcture of - (4), using the oxide of Si02 grade as a mask, and a substrate and the clad 
layer of an opposite side are removed, in view of the barrier layer of the portion which pours in current using etching. The mask 
of Si02 grade is removed by etching of an aqua regia etc. after that, the crystal growth of the III-V group compound containing 
N is carried out, and semiconductor laser with embedding hetero structure is produced. If AIN is especially used for a substrate 
and the clad layer of an opposite side, alkaline solution like a potassium hydroxide can remove AIN (J. 

R.Mileham.et.al.;Appl.Phys.Lett.67 (1995) 1 1 19), and the large refractive-index difference of AIN of the portion which does not 
pour in current further, and p type clad layer of the portion which pours in current can be taken. Then, in case dry etching is 
performed, worries about crystalline degradation by using the halogen gas accelerated by several lOOeV disappear. 
[0021] (6) Put a GaN layer with a thickness of 1000 A or less into the position where it was decided in the AIN layer to the laser 
structure containing especially an AIN layer of the above (6). Then, it becomes possible to be able to ********** an AIN layer 
by predetermined Mr. Atsushi by alkaline solution like a potassium hydroxide, to control the thickness of the embedding layer at 
the time of producing an embedded structure, and to produce single-transverse-mode ****** laser with the sufficient yield. 
[0022] 

[Embodiments of the Invention] It explains referring to a drawing about the semiconductor light emitting device and its 
manufacture method of this invention. 

[0023] (Gestah 1 of operation) It explains, referring to drawing 1 , drawing 6 , and drawing 8 . The n type SiC (0001) substrate 1 
which performed washing and pretreatment by the organic solvent first is placed on the substrate electrode holder 66 made from 
carbon, and it supplies in a reactor 67. 

[0024] Next, the inside of a reactor 74 is filled with the hydrogen of pressure 70Torr, the n type SiC (0001) substrate 1 is heated 
to 1090 degrees C at a heater 67 the whole substrate electrode holder 66 made from carbon in hydrogen atmosphere, and the 
adsorption gas adhering to the front face, an oxide, a moisture child, etc. are removed. The temperature of n type SiC (0001) 
substrate 1 ** is lowered to 540 degrees C after that, the bulbs 70, 71, and 68 of the gas supply line of a trimethylaluminum, 
ammonia, and a silane are opened, trimethylaluminum 5.5sccm, ammonia 2.5 l/min, and silane 12.5sccm are passed, and 300A 
laminating of the n type AIN buffer layer 2 is carried out. 

[0025] After carrying out the laminating of the n type AIN buffer layer 2, the temperature of the n type SiC (0001) substrate 1 is 
raised to 1030 degrees C, the bulbs 69, 70, 71, and 68 of the gas supply line of trimethylgallium, a trimethylaluminum, ammonia, 
and a silane are opened, trimethylgallium 2.7sccm, trimethylaluminum 8.7sccm, ammonia 2.5 l/min, and silane 12.5sccm are 
passed, and the laminating of n type aluminumO.2GaO.8N3 of 1.5 micrometers of thickness is carried out. 
[0026] After carrying out the laminating of n type aluminumO.2GaO.8N3, a trimethylaluminum and the gas supply lines 70 and 
68 of a silane are closed, the bulbs 69 and 71 of trimethylgallium and the gas supply line of ammonia are opened, 
trimethylgallium 2.7sccm and ammonia 2.5 l/min are passed, and lOOOA laminating of the undoping GaN light-guide layer 4 is 
carried out. 

[0027] After carrying out the laminating of the undoping GaN light-guide layer 4, the temperature of the n type SiC (0001) 
substrate 1 is lowered to 680 degrees C, the bulbs 69 and 73 of trimethylgallium and the gas supply line of trimethylindium are 
opened, trimethylgallium 2.7sccm, trimethylindium 27sccm, and ammonia 10 l/min are passed, and lOOA laminating of the 
undoping Ga0.9In0.1N barrier layer 5 is carried out. 

[0028] After carrying out lOOA laminating of the undoping Ga0.9In0.1N barrier layer 5, the bulb 73 of the gas supply line of 
trimethylindium is closed, the temperature of the n type SiC (0001) substrate 1 is raised to 1030 degrees C, the bulbs 69 and 71 
of trimethylgallium and the gas supply line of ammonia are opened, trimethylgallium 2.7sccm and ammonia 2.5 l/min are passed, 
and 1000 A laminating of the undoping GaN light-guide layer 6 is carried out. 

[0029] After carrying out the laminating of the undoping GaN light-guide layer 6, the bulb 69 of the gas supply line of 
trimethylgallium is closed, the bulbs 70 and 71 of a trimethylaluminum and the gas supply line of ammonia are opened, 
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trimethylaluminum 8.7sccm and ammonia 2.5 l/min are passed, and the laminating of the undoping AIN layer 8 of 1.0 
micrometers of thickness is carried out. 

[0030] After carrying out the laminating of the undoping AIN layer 8, growth is once ended and a substrate 1 is taken out besides 
a reactor 74 

[0031] Next, it leaves a field with j^width of face of 5 mirromfftf^rs to a substrate 1, and a mask is carried out by Si0281 with a 
thickness of lOOOA, and it puts in into the saturated-water solution of a potassium hydroxide, heats to 100 degrees C, it applies 
for 10 minutes, and the undopmg AIN layer 8 is removed. Then, Si0281 mask is stripped, it rinses with the pure water which is 
not having the substrate 1 which removed the undoping AIN layer 8 ionized, and the organic substance, such as a methanol, 

washes. . . 

[0032] After washing the organic substance, the substrate 1 again removed in the undoping AIN layer 8 is put m mto a reactor 
74, the inside of a deposition chamber 74 is filled with the hydrogen of pressure 70Torr, the n type SiC (0001) substrate 1 is 
heated to 1090 degrees C at a heater 67 the whole substrate electrode holder 66 made from carbon in hydrogen atmosphere, and 
the adsorption gas adhering to the front face, an oxide, a moisture child, etc. are removed. Then, the temperature of a substrate 1 
is lowered to 1030 degrees C, the bulbs 69, 70, 71, and 72 of the gas supply line of trimethylgallium, a trimethylaluminum, 
ammonia, and magnesium cyclopentadienyl are opened, trimethylgallium 2.7sccm, trimethylaluminum 8.7sccm, ammonia 2.5 
l/min, and magnesium cyclopentadienyl 5.0sccm are passed, 1.0-micrometer laminating of the p type aluminum0.2Ga0.8N clad 
layer 7 is carried out, the laser structure 1 1 which embedded the AIN layer 8 in the shape of a ridge is manufactured, and a 
crystal growth is ended 

[0033] Then, only the bulb of the gas supply line of hydrogen is opened, the temperature of the SiC (0001) substrate 1 is set as 
700 degrees C in the hydrogen atmosphere of pressure 70Torr, annealing is performed for 1 hour, and the magnesium which is a 
p type dopant is activated. The temperature of the SiC (0001) substrate 1 is returned to a room temperature after an annealing 
end, and the SiC (0001) substrate 1 to which the laminating of the laser structure 1 1 was carried out is taken out out of a metal 
organic vapor phase epitaxial growth system. 

[0034] To the SiC substrate 1 by which the laminating of the laser structure 1 1 was carried out to the last, substrate 1 rear face is 
made to carry out the vacuum evaporationo of nickel with a thickness of lOOOA and the gold 10 to the front face of an indium 9 
and the p type aluminum0.2GaO,8N clad layer 7, the cleavage of the substrate 1 is carried out to 1mm of cavity length, and 
semiconductor laser 12 is completed. 

[0035] The property of the above-mentioned laser 12 of this invention is described below. An electrical property is descnbed 
fu-st. p type and the carrier density of the n type aluminum0.2Ga0.8N clad layers 3 and 7 are Ixl018-/cm3, mobihty is p type and 
the n type aluminum0.2Ga0.8N clad layer 3, 7of 10cm of each 2A^-s, and 250cm2A^-s, and p type with small enough resistivity 
and n type clad layers 3 and 7 are manufactured. Moreover, ohm nature contact was realized between the p type 
aluminum0.2Ga0.8N clad layer 7 and Au/nickellO, and ohm nature contact is fiirther realized also between the n type SiC 
substrate 1 on the back and an indium 9. 

[0036] Next, an optical property is described. The oscillation wavelength of laser is 410nm. Since the AIN layer 8 is used for the 
embedding layer, the lateral effective-refractive-index difference between the portion which pours in current, and the portion 
which is not poured in becomes large with 0.1, and a^ingle-transverse-mode oscillationJs realized. A front and rear ** of the 
reflection factor of an end face are also 22%. Moreover, loss [ in / 5cm- 1 and a resonator / in the internal loss of laser ] is 
20cm- 1. Furthermore, threshold current density is 1/5 of the threshold current density of 800cm2/V-s and the laser known from 
before. Since the laser of this invention uses the embedding layer 8 of AIN, a current constriction is easy, the current flare in p 
type or n type clad layer becomes small compared with conventional laser #, and, as a result, threshold current density falls. 
Moreover, since dry etching is not used for removing AIN, the internal loss as laser becomes small, and it leads to the fall of 
threshold current density. 

[0037] In addition, the same result is obtained even if it uses the oxide substrate of aluminum203, ZnO, and LiA102 grade 
instead of a SiC substrate. Moreover, the same result is obtained even if the field direction of a field (0001) uses just the OFF 
substrate which inclined in the [1 1-20] direction instead of a substrate. 

[0038] Moreover, although the potassium hydroxide was used for removing AIN, the same result is obtained even if it uses a 
sodium hydroxide. Furthermore, the same resuU is obtained even if it adopts selfer RAINDO structure instead of the structure 
which embedded the AIN layer 8 in the shape of a ridge. 

[0039] Selfer RAINDO structure is shown in drawing 1 1 . Undoping AIN layer 8a is formed on p type clad layer 7, since this 
AIN layer 8a is high resistance, current does not flow, but current is poured in from the electrode 10 on the field in which 
undoping AIN layer 8a is not formed. Such structure is read with selfer RAINDO structure here. 

[0040] (Form 2 of operation) It explains using drawing 2 . The process until it carries out the laminating of a substrate 13 and the 
undoping GaN light-guide layer 18 of an opposite side on both sides of the Ga0.9In0.1N barrier layer 17 from washing by the 
organic solvent and pretreatment is the same as the form 1 of operation. 

[004 1 ] After carrying out the laminating of the undoping GaN light-guide layer 1 8, the bulb of the gas supply line of 
trimethylgallium is closed, the bulb of the gas supply line of a trimethylaluminum, ammonia, and magnesium cyclopentadienyl is 
opened, trimethylaluminum 8.7sccm, ammonia 2.51./min, and magnesium cyclopentadienyl 5.0sccm are passed, and die 
laminating of the p type AIN layer 20 of O.l micrometers of thickness is carried out 

[0042] After carrying out die laminating of die p type AIN layer 20, the bulb of a trimethylaluminum is closed, the bulbs 69, 71, 
and 72 of the gas supply line of trimethylgallium, ammonia, and magnesium cyclopentadienyl are opened, trimethylaluminum 
8.7sccm, ammonia 2.51./niin, and magnesium cyclopentadienyl 5.0sccm are passed, and the laminating of the p type GaN layer 
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2 1 of 500A of thickness is carried out. i i ■ f 

[0043] After carrying out the laminating of the p type GaN layer 21, the bulb 72 of trimethylgallium and the gas supply line ot 
magnesium cyclopentadienyl is closed, the bulbs 70 and 71 of a trimethylaluminum and the gas supply line of ammoma are 
opened, trimethylaluminum 8.7sccm and ammonia 2.5 1/min are passed, and the laminating of the undoping AIN layer 22 of 0.9 
micrometers of thickness is carried out. After carrying out the laminating of the undoping AIN layer 22, growth is once ended 
and a substrate 13 is taken out besides a reactor 74. ^ - a 

[0044] Next, on the AIN layer 22 on a substrate 13, it leaves afield with a wjdfli of face of 10 micrometers, and a mask is earned 
out by Si02'with a thickness of lOOOA, and it puts WBC(mBe"saturated-water solution of a potassium hydroxide, heats to 100 
degrees C, it applies for 10 minutes, and the undoping AIN layer 22 on a mask is removed. Then, Si02 mask is stripped, it rmses 
with the pure water which is not having the substrate 13 which removed the undoping AIN layer 22 ionized, and the orgamc 
substance, such as a methanol, washes. 

[0045] After washing the organic substance, the substrate 13 again removed in the undoping AIN layer 22 on a mask is put m 
into a metal organic vapor phase epitaxial growth system, the inside of a deposition chamber is filled with the hydrogen of 
pressure 70Torr, the n type SiC (0001) substrate 13 is heated to 1090 degrees C at a heater the whole substrate electrode holder 
made fi-om carbon in hydrogen atmosphere, and the adsorption gas adhering to the ft-ont face, an oxide, a moisture child, etc. are 

[0046]^The temperature of a substrate 13 is lowered to 1030 degrees C. Then, trimethylgallium. The bulbs 69, 70, 71, and 72 of 
the gas supply line of a trimethylaluminum, ammonia, and magnesium cyclopentadienyl are opened. Trimethylgallium 2.7sccm, 
trimethylaluminum 8.7sccm, Ammonia 2.51./min and magnesium cyclopentadienyl 5.0sccm are passed. 1,0-micrometer 
laminating of the p type aluminimi0.2Ga0.8N clad layer 19 is carried out to the portion in which the AIN layer 22 carried out 
opening, the laser structure 25 which the AlGaN layer 19 consisted ridge-like of is manufactured, and a crystal growth is ended. 
[0047] Then, only the bulb of the gas supply line of hydrogen is opened, the temperature of the SiC (0001) substrate 13 is set as 
700 degrees C in the hydrogen atmosphere of pressure 70Torr, annealing is performed for 1 hour, and the magnesium which is a 
p type dopant is activated. The ten^erature of the SiC (0001) substrate 13 is returned to a room temperature after an annealmg 
end, and the SiC (0001) substrate 13 to which the laminating of the laser structure 25 was carried out is taken out out of a metal 
organic vapor phase epitaxial growth system. 

[0048] To the SiC substrate 13 by which the laminating of the laser structure 25 was carried out to the last, substrate 13 rear face 
is made to carry out the vacuum evaporationo of nickel with a thickness of 1000 A and the gold 24 to the front face of an indium 
23 and the p type aluminum0.2Ga0.8N clad layer 19, the cleavage of the substrate 13 is carried out to 1mm of cavity length, and 
laser 26 is completed. 

[0049] The property of the above-mentioned laser 26 of this invention is described below. An electrical property is described 
first, p type and the carrier density of the n type aluminum0.2Ga0.8N clad layers 19 and 15 are Ixl018-/cm3, mobility is p type 
and the n type aluminum0.2Ga0.8N light-guide layer 19, 15of 10cm of each 2/V-s, and 250cm2A^-s, and p type with small 
enough resistivity and n type clad layers 19 and 1 5 are manufactured. Moreover, ohm nature contact was realized between the p 
type aluminum0.2Ga0.8N clad layer 19 and nickel/Au24, and ohm nature contact is fiirther realized also between the n type SiC 
substrate 13 on the back and an indium 23. 

[0050] Next, an optical property is described. The oscillation wavelength of laser is 410nm. Since the AIN layer 22 is used for 
the embedding layer, the lateral effective-refractive-index difference between the portion which pours in current, and the portion 
which is not poured in becomes large with 0. 1, a nd a single- transverse-n^nf^p nQril]^ti on is realized . A front and rear ** of the 
reflection factor of an end face are also 22%. Moreover, loss [ m / !)cm-l and a resonator / in the internal loss of laser 26 ] is 
20cm-l. Furthermore, threshold current density is 1/5 of the threshold current density of 800cm2A^-s and the laser known from 
before. 

[0051] Since the laser 26 of this invention uses the embedding layer 22 of AIN, a current constriction is easy, the current flare in 
p type or n type clad layer becomes small compared with the conventional laser, and, as a result, threshold current density falls. 
Moreover, since dry etching is not used for removing AIN, the internal loss as laser becomes small, and it leads to the fall of 
threshold current density. 

[0052] Moreover, the undoping AIN layer 22 is removed to this side of the p type GaN layer 20 with a thickness of 500A. The p 
type GaN layer 21 works as an etching halt layer. The p type AIN layer 20 remains without removing lOOOA. That is, since the p 
t^m R AijSf lavpr 77 |^^«; Ipft 1 0OP A c orrectlv. the rate of the yield by etching of laser which realizes a single-transverse-mode 
oscillation improves, 

[0053] Though a laser beam becomes a multimode even if the refractive-index difference of the AlGaN layer 19 and the AIN 
layer 20 is large and makes small stripe width of face of the AlGaN layer 19 by this, when the AIN layer 20 forms in the bottom 
of the AlGaN layer 19, the refractive-index difference of directly under [ stripe ] and the outside of a stripe can be adjusted so 
that it may become small, and in order to realize a single transverse mode, the tolerance which realizes a single transverse mode 
becomes large that what is necessary is just to optimize the AIN layer 20. 

[0054] In addition, the same result is obtained even if it uses the oxide substrate of aluminum203, ZnO, and LiA102 grade 
instead of a SiC substrate. Moreover, the same result is obtained even if it uses an OFF substrate instead of a substrate just. 
[0055] Moreover, the same result is obtained even if it uses a p type AlxGal-xN (0<=x<l) layer mstead of the p type AIN layer 
20. Moreover, although the potassium hydroxide was used for removing AIN, the same result is obtained even if it uses a sodium 
hydroxide. Furthermore, the same result is obtained even if it adopts selfer RAINDO structure instead of the structure which 
formed the AIN layer in the both sides of the AlGaN layer 19. Selfer RAINDO structure is as drawing 1 1 . 
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[00561 (Form 3 of operation) It explains using drawing 3 . The process until it carries out the laminating of a substrate 27 and the 
undoping GaN light-guide layer 32 of an opposite side on both sides of the Ga0.9In0.1N barrier layer 31 from washing by the 
organic solvent and pretreatment is the same as the form 1 of operation. , , . , , 

[0057] Although close the bulb 69 of the gas supply line of trimethylgallium, the bulbs 70 and 71 of a tnmethylalummum and the 
gas supply line of ammonia are opened, trimediylaluminum 8.7sccm and ammonia 2.5 Vmm are passed and it is not illustrating 
after carrymg out the laminating of the undoping GaN light-guide layer 32, the laminating of the undopmg AIN layer of 1.0 
micrometers ofthickness is carried out 

[0058] After carrying out the laminating of the undoping AIN layer, growth is once ended and a substrate 27 is taken out besides 
a metal organic vapor phase epitaxial growth system. j . c ^-io u 

[0059] Next, it has opening with a width of face of 5 micrometers in a substrate 27, and a mask is made it by Si02 with a 
thickness of'lOOOA, it puts in into the saturated-water solution of a potassium hydroxide, and heats to 100 degrees C, and it 
applies for 10 minutes, an undoping AIN layer is removed, and opening is formed in an AIN layer. Then, it rinses with the pure 
water which is not having the substrate 27 which removed the undoping AIN layer of the portion which has not earned out the 
mask ionized, and the organic substance, such as a methanol, washes. 

[0060] After washing the organic substance, the substrate 27 again removed in the undoping AIN layer is put m mto a reactor 74, 
the inside of a reactor 74 is filled with the hydrogen of pressure 70Torr, the n type SiC (0001) substrate 27 is heated to 1090 
degrees C at a heater 67 the whole substrate electrode holder 66 made from carbon in hydrogen atmosphere, and the adsorption 
gas adhering to the front face, an oxide, a moisture child, etc. are removed. Then, the temperature of a substrate 27 is lowered to 
1030 degrees C, the bulbs 69, 70, 71, and 72 of the gas supply line of trimethylgallium, a trimethylaluminum, ammoma, and 
magnesium cyclopentadienyl are opened, trimethylgallium 2.7sccm, trimethylaluminum 8.7sccm, ammonia 2.5 1/min, and 
magnesium cyclopentadienyl 5.0sccm are passed, 1 .0-micrometer laminating of the p type aluminum0.2Ga0.8N clad layer 34 is 
carried out to opening of an AIN layer, and it is embedded at it. 

[0061] The substrate 27 of the laser structure 38 which embedded the AlGaN clad layer 34 into the AIN layer is taken out 
besides a reactor 74. To a substrate 27, to the field to which the laminating of the p type aluminum0.2GaO,8N clad layer 34 with 
a w idth of face of 5 micrometers is carrie d out, a mask is carried out by Si02 with a thickness of lOOOA, and it puts in into the 
saturafed-water solution of a potassium tydroxide, heats to 100 degrees C, it applies for 10 minutes to it, and an undoping AIN 
layer is removed to it. Then, Si02 mask is stripped, it rinses with the pure water which is not having the substrate 34 which 
removed the undoping AIN layer ionized, and the organic substance, such as a methanol, washes. Thereby, the structure which 
the AlGaN clad layer 34 consisted ridge-like of is acquired. The AIN layer used here is not used as a part of laser structure, but is 
used as a dummy fihn for forming laser structure. 

[0062] After washing the organic substance, the substrate 27 which removed again the undoping AIN layer which is a dummy 
fihn is shortly put in into a deposition chamber 80, the degree of vacuum in a deposition chamber 80 is set to 10-lOTorr, the n 
type SiC (0001) substrate 27 stuck on the molybdenum block 76 is heated to 600 degrees C, and the adsorption gas adhering to 
the front face, an oxide, a moisture child, etc. are removed. 

[0063] Then, the ten^erature of a substrate 27 is lowered to 300 degrees C, the cell 78 of MgS heated by even 800 degrees C is 
opened, the laser structure 38 which irradiated the substrate 27 and embedded BIMUFURAKKUSU ** of 5X10-7Torr by 
undoping MgS35 is manufactured, and a crystal growth is ended again. A substrate 27 is taken out out of a deposition chamber 
80 after that. 

[0064] Then, it puts in into a reactor 74, only the bulb of the gas supply line of hydrogen is opened, the temperature of the SiC 
(0001) substrate 27 is set as 700 degrees C in the hydrogen atmosphere of pressure 70Torr, annealing is performed for 1 hour, 
and the magnesium which is a p type dopant is activated. The temperature of the SiC (0001) substrate 27 is retumed to a room 
temperature after an annealing end, and the SiC (0001) substrate 27 to which the laminating of laser structure # was carried out is 
taken out out of a metal organic vapor phase epitaxial growth system. 

[0065] To the SiC substrate 27 by which the laminating of the laser structure 38 was carried out to tfie last, a substrate # rear face 
is made to carry out the vacuum evaporationo of nickel/Au37 with a thickness of lOOOA to the front face of an indium 36 and tiie 
p type aluminum0.2Ga0.8N clad layer 34, the cleavage of the substrate 27 is carried out to 1mm of cavity length, and laser 39 is 
completed. 

[0066] The undoping MgS layer is used for embedding in this example. Since this growth can grow temperature at 300 degrees 
C, it does not need to make growth ten^erature an elevated temperature for embedding, and does not require the heat history for 
a laser crystal, but can prevent deterioration of the quality of a crystal. 

[0067] The property of the above-mentioned laser 39 of this invention is described below. An electrical property is described 
fu-st. p type and the carrier density of the n type aluminum0.2Ga0.8N clad layers 34 and 29 are 1x101 8-/cm3, mobility is p type 
and tiie n type aluminum0.2GaO,8N clad layer 34, 29of 10cm of each 2A^-s, and 250cm2A^-s, and p type with small enough 
resistivity and n type clad layers 34 and 29 are manufactured. Moreover, ohm nature contact was realized between the p type 
aluminum0.2Ga0.8N clad layer 34 and nickel/Au37, and ohm nature contact is fiirther realized also between the n type SiC 
substrate 27 on the back and an indium 36. 

[0068] Next, an optical property is described. The oscillation wavelength of laser is 410nm. Since the MgS layer with a 
refractive index smaller than the clad layer 34 is used for the embedding layer 35, the lateral effective-refractive-index difference 
between the portion which pours in current, and the portion which is not poured in becomes large with 0.05, and a 
single-transverse-mode oscillation is realized. A front and rear ♦* of the reflection factor of an end face are also 22%. Moreover, 
loss [ in / 5cm-l and a resonator / in die internal loss of laser ] is 20cm-l. Furthermore, threshold current density is 1/5 of the 
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threshold current density of 800cm2A^-s and the laser known from before. 

[0069] Since the laser of this invention uses the AIN embedding layer, a current constriction is easy, the current flare m p type or 
n type clad layer becomes small con^ared with the conventional laser, and, as a result, threshold current density falls. Moreover, 
since dry etching is not used for removing AIN, the internal loss as laser becomes small, and it leads to the fall of threshold 
current density. Moreover, desorption of In of a barrier layer does not take place [ crystal-growth temperature ] by 300 degrees C 
and the low's at the time of regrowth, but it is easy to manufacture a laser property as a design value, and the rate of the yield 
improves on laser manufacture. 

[0070] Furthermore, the same result is obtained even if it adopts selfer RAINDO structure instead of the structure which 
embedded the MgS layer in the shape of a ridge. Moreover, although MgS was used for embedding material, the same resuh is 
obtained even if it uses MgSe. 

[0071] (Form 4 of operation) It explains using drawing 4 and drawing 12 . The process until it carries out the lammatmg of a 
substrate and the undoping GaN light-guide layer 45 of an opposite side on both sides of the GaO,9InO. IN barrier layer 44 from 
washing by the organic solvent and pretreatment is the same as the form 1 of operation. 

[0072] After carrying out the laminating of the undoping GaN light-guide layer 45, the bulb 69 of the gas supply line of 
trimethylgallium is closed, the bulbs 70 and 71 of a trimethylaluminum and the gas supply line of ammonia are opened, 
trimethylaluminum 8.7sccm and ammonia 2.5 1/min are passed, and the laminating of the undoping AIN layer of 1.0 micrometers 
of thickness is carried out. After carrying out the laminating of the undoping AIN layer, growth is once ended and a substrate 40 
is taken out besides a reactor 74. 

[0073] Next, the undoping AIN layer which leaves an opening field with a width efface of 5 micrometers to a substrate 40, 
carries out a'mask by Si02 with a thickness of 1000 A, puts in into the saturated-water solution of a potassium hydroxide, heats 
to 100 degrees C, applies for 10 minutes, and has not carried out the mask is removed. Then, it rinses with the pure water which 
is not having the substrate 40 which removed the undoping AIN layer ionized, and the organic substance, such as a methanol, 
washes. 

[0074] After washing the organic substance, the substrate 40 again removed in the undoping AIN layer is put m mto a metal 
organic vapor phase epitaxial growth system, the inside of a deposition chamber is filled v^th the hydrogen of pressure 70Torr, 
the n type SiC (0001) substrate 40 is heated to 1090 degrees C at a heater the whole substrate electrode holder 67 made from 
carbon in hydrogen atmosphere, and the adsorption gas adhering to the front face, an oxide, a moisture child, etc. are removed. 
Then, the temperature of a substrate 40 is lowered to 1030 degrees C, the bulbs 69, 70, 71, and 72 of the gas supply line of 
trimethylgallium, a trimethylaluminum, ammonia, and magnesium cyclopentadienyl are opened, trimethylgallium 2.7sccm, 
trimethylaluminum 8.7sccm, ammonia 2.5 1/min, and magnesium cyclopentadienyl 5.0sccm are passed, 1.0-micrometer 
laminating of the p type aluminum0.2Ga0.8N clad layer 46 is carried out, the laser structure where the AlGaN layer 46 was 
embedded into the AIN layer is manufactured, and a crystal growth is 

[0075] Next, a mask is carried out by Si02 with a thickness of lOOOA, and the p type aluminum0.2Ga0.8N clad layer 46 with a 
width of face of 5 micrometers puts in into the saturated-water solution of a potassium hydroxide, heats to the field by which the 
laminating is carried out to 100 degrees C, is missing from it for 10 minutes, and an undoping AIN layer is removed. Then, Si02 
mask is stripped, it rinses with the pure water which is not having the substrate 40 ionized, and the organic substance, such as a 
methanol, washes. 

[0076] After washing the organic substance, the substrate 40 again removed in the undoping AIN layer is put in into a reactor 74, 
the inside of deposition-chamber # is filled with the hydrogen of pressure 70Torr, the n type SiC (0001) substrate 40 is heated to 
1090 degrees C at a heater the whole substrate electrode holder 67 made from carbon in hydrogen atmosphere, and the 
adsorption gas adhering to the front face, an oxide, a moisture child, etc. are removed. The temperature of a substrate is lowered 
to 1030 degrees C. Then, trimethylgallium, a trimethylaluminum. The bulbs 69, 70, 71, and 72 of the gas supply line of ammonia 
and magnesium cyclopentadienyl are opened. Trimethylgallium 2.7sccm, trimethylaluminum 8.7sccm, Ammonia 2.51./min and 
magnesium cyclopentadienyl 5.0sccm are passed. 1.0-micrometer laminating of the p type aluminum0.3Ga0.7N clad layer 47 is 
carried out, the laser structure which embedded the AlGaN layer 46 by undoping aluminum0.3Ga0.7N layer 47 is manufactured, 
and a crystal growth is ended again. 

[0077] Then, only the bulb of the gas supply line of hydrogen is opened, the temperature of the SiC (0001) substrate 40 is set as 
700 degrees C in the hydrogen atmosphere of pressure 70Torr, annealing is performed for 1 hour, and the magnesium which is a 
p type dopant is activated. The temperature of the SiC (0001) substrate 40 is returned to a room temperature after an annealing 
end, and the SiC (0001) substrate 40 to which the laminating of the laser structure 48 was carried out is taken out out of a reactor 
74. 

[0078] To the SiC substrate 40 by which the laminating of the laser structure 50 was carried out to the last, substrate 50 rear face 
is made to carry out the vacuum evaporationo of nickel/Au49 with a thickness of lOOOA to the front face of an indium 48 and the 
p type aluminum0.2Ga0.8N clad layer 46, the cleavage of the substrate 40 is carried out to 1mm of cavity length, and laser is 
completed, 

[0079] The property of the above-mentioned laser of this invention is described below. An electrical property is described fu-st. p 
type and the carrier density of the n type aluminum0.2Ga0.8N clad layers 46 and 42 are 1x101 8-/cm3, mobility is p type and the 
n type aluminum0.2Ga0.8N clad layer 46, 42of 10cm of each 2/V-s, and 250cm2A^-s, and p type with small enough resistivity 
and n type clad layers 46 and 42 are manufactured. Moreover, ohm nature contact was realized between the p type 
aluminum0.2Ga0.8N clad layer 46 and nickel/Au49, and ohm nature contact is fiirther realized also between the n type SiC 
substrate 40 on the back and an indium 48. 



QQfg 2/10/03 9:16 AM 



http://w>ww4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



[0080] Next, an optical property is described. The oscillation wavelength of laser is 410nm. Since the aluminum0.3Ga0.7N layer 
with a refractive index smaller than the clad layer 46 is used for the embedding layer 47, the lateral effective-refractive-index 
difference between the portion which pours in current, and the portion which is not poured in becomes large with 0.05, and a 
single-transverse-mode oscillation is realized. A front and rear ** of the reflection factor of an end face are also 22%. Moreover, 
loss [ in / 5cm- 1 and a resonator / in the internal loss of laser # ] is 20cm- 1. Furthermore, threshold current density is 1/5 of the 
threshold current density of 800cm2A^-s and the laser known from before. 

[0081] Since the embedding layer of AlGaN is used for the laser of this invention, a current constriction is easy, the current flare 
in p type or n type clad layer becomes small compared with the conventional laser, and, as a result, threshold current density 
falls. Moreover, since dry etching is not used for removing AIN which is a dummy layer, the internal loss as laser becomes small, 
and it leads to the fall of threshold current density. 

[0082] Since composition of aluminum is larger than the AlGaN layer 46 and the refractive index is small, a laser beam will also 
be confined in the direction of the AlGaN layer 46, and, as for the AlGaN layer 47 which is an embedding layer, a 
refractive-index waveguide can be realized, 

[0083] (Gestalt 5 of operation) Washing and pretreatment by the organic solvent are performed first, the n type SiC (0001) 
substrate 51 is placed on the substrate electrode holder 66 made from carbon, and it supplies in a reactor 74. 
[0084] Next, the inside of a deposition chamber is filled with the hydrogen of pressure 70Torr, the n type SiC (0001) substrate 
5 1 is heated to 1090 degrees C at a heater 67 the whole substrate electrode holder 66 made from carbon in hydrogen atmosphere, 
and the adsorption gas adhering to the front face, an oxide, a moisture child, etc. are removed. The temperature of the SiC (0001) 
substrate 51 is lowered to 540 degrees C after that, the bulbs 70, 71, and 72 of the gas supply line of a trimethylaluminum, 
ammonia, and a silane are opened, trimethylaluminum 5.5sccm, ammonia 2.5 1/min, and silane 12.5sccm are passed, and 300A 
laminating of the n type AIN buffer layer 52 is carried out. 

[0085] Next, production of the mirror 56 with the n type conductivity which repeated n type A1N53 of 414A of thickness and n 
type aluminumO,2Ga0.8N54 of 355A of thickness 20 times by turns, and produced them is described. To 355A, each thickness is 
1/4 of the oscillation wavelength within a layer, and the thickness of 414A and n type aluminumO.2GaO.8N54 is taken for the 
thickness of n type A1N53 because the reflection factor to the laser beam generated in a barrier layer becomes the maximum. 
After carrying out the laminating of the n type GaN buffer layer 52, the temperature of the SiC (0001) substrate 51 is raised to 
1030 degrees C, the bulbs 70, 71, and 72 of the gas supply line of a trimethylaluminum, ammonia, and a silane are opened, 
trimethylaluminum 8.7sccm, ammonia 2.5 1/min, and silane 12.5sccm are passed, and 414A laminating of n type AIN layer # is 
carried out. Next, the bulbs 69, 70, 71, and 72 of the gas supply line of trimethylgallium, a trimethylaluminum, ammonia, and a 
silane are opened, trimethylgallium 2.7sccni, trimethylaluminum 8.7sccm, ammonia 2.5 1/min, and silane 12.5sccm are passed, 
and 355A laminating of n mold aluminum0.2Ga0.8N layer 54 is carried out. This n type AIN layer 53 and n mold 
aluminum0.2Ga0.8N layer 54 are repeated 20 times by turns, it grows up, and the n type AlN/aluminum0.2Ga0.8N mirror 56 is 
produced. 

[0086] Then, production of the GaN/aluminum0.2Ga0.8N double hetero structures 57, 58, and 59 is described. After producing 
the n type AlN/aluminum0.2Ga0.8N mirror 56, the bulbs 69, 70, 71, and 72 of the gas supply line of trimethylgallium, a 
trimethylaluminum, ammonia, and a silane are opened, trimethylgallium 2.7sccm, trimethylaluminum 8.7sccm, ammonia 2.5 
1/min, and silane 12.5sccm are passed, and 2000A laminating of the n type aluminum0.2Ga0.8N light-guide layer 57 is carried 
out. Then, the bulb of a trimethylaluminum and the gas supply line of a silane is closed, the flow rate of trimethylgallium is set to 
5.5sccm(s), and lOOOA laminating of the undoping GaN barrier layer 58 is carried out. Then, the bulbs 69, 70, 71, and 72 of the 
gas supply line of trimethylgallium, a trimethylaluminum, ammonia, and cyclo PENTA diphenyl magnesium are opened, 
trimethylgallium 2.7sccm, trimethylaluminum 8.7sccm, ammonia 2.5 1/min, and cyclo PENTA diphenyl magnesium 5.0sccm are 
passed, and 2000A laminating of the p type aluminum0.2Ga0.8N light-guide layer 59 is carried out. 

[0087] Then, only the bulb of the gas supply line of hydrogen is opened, the ten^erature of the SiC (0001) substrate 51 is set as 
700 degrees C in the hydrogen atmosphere of pressure 70Torr, annealing is performed for 1 hour, and the magnesium which is a 
p type dopant is activated. The tenperature of the SiC (0001) substrate 51 is returned to a room temperature after an annealing 
end, and the SiC (0001) substrate 51 is taken out out of a reactor 74. 

[0088] The n type SiC (0001) substrate 51 which set the degree of vacuum in a deposition chamber 80 to 10-lOTorr this time, 
and was stuck on the molybdenum block 76 in the substrate taken out from the metal organic vapor phase epitaxial growth 
system is heated to 600 degrees C, and the adsorption gas adhering to the front face, an oxide, a moisture child, etc. are removed. 
Then, the temperature of a substrate is lowered to 300 degrees C, the cells 78 and 79 of MgS heated by even 800 degrees C and 
MgSe are opened, the beam flux of 5X10-7Torr is irradiated by tums at a substrate 51, respectively, p type MgS60 of 400A of 
thickness and p type MgSe61 of 350A of thickness are repeated 20 times by tums, and are produced, p type mirror MgS/MgSe62 
is manufactured, and a crystal growth is ended again. It takes out out of a substrate 80 after that. 

[0089] After taking out the SiC (0001) substrate 51 outside, a mask with a diameter of 10 micrometers_i s covered and Si02 mask 
with a thickness of lOOOA is put. The p type MgS/MgSe mirror 62 of the^pomon wmcn nas not put tii02 mask for the substrate 
5 1 using the potassium dichromate after that is removed altogether, 

[0090] To the SiC (0001) substrate 51 by which the laminating of the laser structure was carried out to the last, substrate 51 rear 
face is made to carry out the vacuum evaporationo of Au/nickel64 with a thickness of lOOOA to the front face of an indium 63 
and the p type aluminimi0.2Ga0.8N light-guide layer 59, the cleavage of the substrate 5 1 is carried out, and a surface 
emission-type laser is completed. 

[0091] The property of the above-mentioned siuface emission-type laser of this invention is described below. An electrical 
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property is described first. The carrier density of Ixl018-/cin3 and the n type AlN/aluminum0.2Ga0.8N mirror 56 of p type and 
the carrier density of the n type alunmium0.2Ga0.8N Ught-guide layers 59 and 57 is 1x101 8-/cm3. p type and the n type 
aluminum0.2Ga0.8N light-guide layers 59 and 57, and the n type AlN/aluniinum0.2Ga0.8N mirror 56 mobility, respectively 
10cm2/V-s, It is 250cm2A^-s and 250cm2A^-s, and p type and n type light-guide layers 59 and 57 with small enough resistivity, 
n type, and p type mirror 56 are produced. Moreover, ohm nature contact was realized between the p type aluminum0.2Ga0.8N 
light-guide layer 59 and nickel/Au64, and ohm nature contact is further realized also between the n type SiC substrate 5 1 on the 
back and an indium 63. 

[0092] Next, an optical property is described. The oscillation wavelength of a surface emission-type laser is 364nm. The 
reflection factor of the n type AlN/aluminum0.2Ga0.8N mirror 56 and the p type MgS/MgSe mirror 62 is 99%, respectively. 
Moreover, loss [ in / lOcm-1 and a resonator / in the loss in the barrier layer of a surface emission-type laser ] is lOcm-1. 
Threshold carrier density is 1019-/cm3, and is furthermore equal compared with the surface emission-type laser by which the 
laminating was carried out on the sapphire (0001) substrate known conventionally. 

[0093] Moreover, since the surface emission-type laser of this invention uses the conductive substrate, current can be passed 
through a substrate rear face, the current flare in a mirror field becomes small compared with the conventional surface 
emission-type laser, and, as a result, threshold current density falls. Moreover, since low MgS/MgSe of growth tenq)erature is 
used for p type mirror and dry etching is not carrying out on the occasion of removal of p type mirror further, a surface 
emission-type laser small the influence of degradation given to a laser element and more reliable than before is obtained. 
[0094] In addition, even if it uses an OFF substrate instead of a substrate just, the same result is obtained again. 
[0095] 

[Effect of the Invention] By the laser or the SEL structure, and its manufacture method of this invention, threshold current fell 
rather than the conventional laser structure, eye single-transverse-mode ****** was realized, and it became clear that a thing 
with the sufficient rate of the yield with the high reliability as an element is obtained. 



[Translation done.] 



